A stable phage-carrying strain of Nocardia erythropolis was isolated from an infection with the nocardiophage 4EC. Growth of the strain in phage-specific antiserum for 48 hr produced cured organisms at a frequency of about 0.5 %. Spontaneous curing, determined by serial single-colony isolations, was less than 0.4%.
The strain could not be infected by phage 4EC nor by a closely related phage, 4C, although the cells were able to adsorb these phages. In cell populations, a frequency of 2.5 X 10-4 cells spontaneously induced. The growth rate of the strain was comparable to that of the uninfected wild-type N. erytlhropolis. Ultraviolet irradiation or treatment with mitomycin C induced the strain to produce larger numbers of phage. It was concluded that the isolated strain was lysogenic.
The phenomenon of lysogeny has been recognized for many years and has been thoroughly studied, particularly in the enterics (11, 12, 18) . Reports have been made concerning lysogeny among various Actinomycetales including the Streptomyces, the Actinomyces, and the Mycobacterium (17, 19) . In (20) , the possibility that this type of relationship existed was taken into consideration in our study.
Results obtained in our investigation had to be interpreted in light of the unique nocardial life cycle. Adams and McClung (1, 3) studied the developmental cycles of several members of the Nocardia. They found that growth of N. erythropolis Mat-Ce strains, formerly designated Jensenia canicruria and N. canicruria (5, 7) , in agar cultures began with cell elongation, and nuclear division followed in 12 hr by the formation of mycelial branches. Septum deposition followed branching and, from 18 to 24 hr, fragmentation occurred giving rise to uninucleate and coenocytic cells. Later, Adams (2) , studying the developmental cycle in broth cultures, found that fragmentation began at and were incubated for 24 to 36 hr. Cells were most sensitive to infection when they were cultured less than 6 hr before addition of phage (10) . Broth The procedure for mitomycin C induction was the same as that for UV induction except that Ce-3(qEC) cells were incubated in PY broth with either 1.0 ,ug or 10 ,g of mitomycin C per ml (final concentration) (Nutritional Biochemicals Corp., Cleveland, Ohio) for 15 min. Almost 100% of the cells survived when treated with 1.0 ,ug/ml, but only 7.0% survived when treated with 10,g of mitomycin C per ml.
RESULTS
Strain isolation. When phage 4EC infected strain Ce-3, an apparently lytic response was produced, i.e., no stable phage-carrying cells could be isolated, and clear rather than turbid plaques were observed even after 48 hr of incubation. However, after serial broth transfers, 99% of the population was eventually composed of cells which were immune to infection. Phageproducing isolates were obtained from the seventh transfer of host cell survivors; 99% of the colonies tested from this transfer produced phage. Strain Ce-3(4EC) was derived from one of these single colonies that continued to produce phage after three successive streak isolations. Phage produced by strain Ce-3(4EC) also produced clear plaques when plated with strain Ce-3. When mixed cell suspensions of strains Ce-3(4EC) and Ce-3 were plated in soft agar overlays, clear plaques were formed after 12 to 18 hr of incubation from induction of Ce-3(4EC) cells. After 24 to 36 hr, the plaques were turbid due to growth of immune Ce-3(4EC) cells.
Phage curing. The frequency of spontaneous curing was obtained by making serial singlecolony isolations. Ce-3(4EC) cells were either antiserum-treated to remove exogenous phage or untreated, and five serial streak isolations were made from each kind of suspension. Twenty-five colonies were tested from the untreated cells and from the antiserum-treated cells at each serial isolation. All 250 of these colonies produced phage. Therefore, the frequency of spontaneously cured organisms was less than 1 in 250 (<0.4%c) for strain Ce-3(4EC).
Efforts were made to cure the isolated strain of its phage. Growth of strain Ce-3(0EC) in PY broth containing 10% (v/v) phage-specific antiserum for 48 hr decreased the free phage titer to zero, whereas free phage in the Ce-3(4EC) control reached 7 .0 x 108 PFU/ml (Fig. 1 genic strain of infecting phage. Free phage produced by the untreated lytically infected Ce-3 control reached a titer of 1.0 X 107 PFU/ml at the end of 48 hr. After both antiserum-treated cultures were transferred to broth not containing antiserum and were incubated for 24 hr, strain Ce-3(4EC) produced a free phage titer of 5.0 X 106 PFU/,ml whereas the Ce-3 culture still contained no free phage.
When strain Ce-3 (4EC) was grown in phagespecific antiserum, as before, and was plated for single colonies, one colony was found which did not produce phage out of 200 tested. The strain derived from this colony was sensitive to infection by phages 4EC and 4C. The (Fig. 4) , there was an immediate increase in the total number of PFU (representing induction) followed by a latent period of 2 hr and a rise period of another 2 hr. The burst size was about 10 particles. The free phage titer, undetectable for the first 2 hr, began to increase during the rise period of infection, finally paralleling the total phage titer. Viable cell numbers at this UV exposure decreased from 2.3 x 106/ml to 5.9 x 105/ml, of which 4.6 X 101 cells/ml were lysed by induction. Thus, cell survival was 26%7, and induction was 20%. After the initial decrease in viable cells, their number did not change appreciably during the experiment. The total phage titer in the control culture increased slowly and continuously throughout the sampling time. The control free phage titer also increased continuously throughout the experiment, although the titer for the first 2 hr was less than 1.0 X 103 PFU/ml and therefore is not represented on the graph. Total phage in the control culture had reached 5.0 X 104 PFU/ml at the end of the sampling time in contrast to a total phage titer of 6.0 X 106 PFU/ml in the UV-irradiated culture at the same time. With 70 sec of exposure to UV irradiation, cell survival was 9.0C%0 and induction increased to 46%. The burst size, again, was about 10 particles.
Otherwise, the curves were comparable to those obtained with 60 sec of irradiation.
The curves obtained after mitomycin C treatment of Ce-3 (4EC) cells (Fig. 5) were similar to those from UV induction. However, in these experiments, the latent period was only 1 hr and the rise period extended for 3 hr. With 10 ,g of mitomycin C per ml (Fig. 5) , cell survival was about 7.0,%, and there was 6.0%c induction. The burst size was 50 particles. Again, the free phage titer increased during the rise period. In the control culture, the total phage titer and the free phage titer were parallel throughout the experiment. The total phage titer, at the end of sampling, was 1.0 x 105 PFU/ml in contrast to 2.0 X 106 PFU/ml total phage in the mitomycin C-treated culture. Viable cells increased very little above 6.5 x 105/ml in the control culture and, after the initial decrease to 5.0 X 104 cells/ml, they increased only slightly through 5 hr in the mitomycin C-treated culture.
When cells were treated with 1.0 jig mitomycin C per ml, the curves were similar to those in Fig.  5 (8) .
In various lysogenic systems, 10-2 to 10-5 cells/generation undergo spontaneous induction (4) . In first 210 min. Spontaneous induction is usually calculated as the number of cells that lyse per generation. Since the nocardiae do not reproduce by binary fission and thus do not have a generation time defined as such, spontaneous induction was calculated as the frequency of lysis among viable cells during the period of increase in phage production (i.e., during the first 210 min). This period of sampling time was too short to detect an increase in viable cell numbers, since the culture was not in the fragmentation phase (2) . The highest titer of phage was seen from about 210 min to 6 hr; after this, it continuously decreased. This phenomenon has been reported to occur in lysogenic strains in which it constituted readsorption of the phage by the cells (9) . The one-step growth curve of the lytically infected Ce-3 showed a continuous increase in phage production through 24 hr. Since the culture was sufflciently diluted to prevent readsorption of released phage, the only plausible explanations are that infection continued to occur through septa that were forming in the growing filaments or that phage released by one cell in the filament immediately infected other cells in the same filament. The phage titer in the lytically infected culture was not as great as that in the phage-carrying culture, after the first 210 min, because the number of lytically infected cells was not as great as the number of phage-carrying cells that induced during that time. Cell density did not affect the general characteristics of the respective curves. The curves representing phage production by strain Ce-3 (4EC) in Fig. 1 and 2 were different due to different cultural conditions in the two experiments. The culture in Fig. 2 was antiserum treated, diluted, and maintained in the same broth throughout the experiment. Ce-3 (4EC) control cells in Fig. 1 were not antiserum treated and were transferred to fresh broth a number of times. When cells were transferred to fresh broth, they either produced more phage or did not as readily readsorb the phage produced.
The cloning experiment was performed to determine whether there was a significant difference in the frequency of spontaneous lysis in individual phage-carrying cells as compared to that in populations of these cells. Spontaneous lysis in individual Ce-3 (4EC) cells was less than 1.3%,0 supporting the data obtained from populations of cells. In contrast, 10 to 15% spontaneous lysis has been reported for individual cells in the carrier state (8) . UV light was much more effective than mitomycin C in eliciting induction. The percentage of induction was considerably less than that reported for other systems in which cell survival was comparable to or less than that in our system. Exposure of Salmonella typhimuriulmi LT-2(P22) to 1.0 gg of mitomycin C per ml for 15 min gave 6.0%7 induction and 75Q' cell survival, whereas exposure to 10 ,ug/ml for 15 min produced 60%70 induction and 30'S cell survival (13) . In Escherichia coli K-12 (X), UV induction was more than 99% when cell survival was less than 1.0% (14) . When Ce-3 (4EC) broth cultures were as much as 12-hr old, the free phage titer was never higher than ca. 103 PFU/ml. Centrifuging the suspensions eliminated some free phage, and UV irradiation killed the remainder. After the cells were inoculated into broth, free phage were detectable in all cultures within a few minutes except in those that were UV irradiated. The reason for lack of appearance of free phage in the UV irradiated culture until the rise period of infection is not known. Since suspensions were assayed for free phage after they were passed through a membrane filter (0.45 ,m pore size), the free phage titer did not ever appear to be as great as the total phage titer. Even though the filters retained a portion of the free phage, the pattern of increase in titer was valid. The number of viable cells had increased only slightly after 5 
